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AN EV ALU ATIO N  O F PR E S E N T  CUTTING P R A C T IC E S  IN 
TERMS O F RE G E N ER AT IO N ,  GROWTH AND M O R T A L IT Y .
P R E F A C E
The c o m m e r c i a l  f o r e s t  c o v e r  of  the N orthern  Inter ior  of  Br it ish  
Co lum bia  is dominated by the s p r u c e -a lp in e  f i r  type.  A c c o r d i n g  to the 
Continuous F o r e s t  Inventory o f  Br i t i sh  Co lum bia  (2) the spruce  c o m p le x  
c o v e r s  ap p ro x im a te ly  13, 000, 000 a c r e s  o f  product ive  f o r e s t  land.
The natural stands are  e ither  e v e n -a g e d  or  uneven-aged ,  the 
h i s t o r y  o f  the s p r u c e -a lp in e  f i r  type being re lated  to natural d i s a s t e r s .
In m any  ins tances ,  the stands or ig inated  fo l lowing f i r e .
It can  be s u r m i s e d  that a s e v e r e  f i re  enveloping a spruce  stand 
wil l  p r o b a b ly  d e s t r o y  the seeds  in the ground l i t ter .  Such condit ions  
might account  fo r  the deve lopm ent  of  the a s p e n -w i l l o w  type.  When l o d g e -  
po le  pine is p resen t  in the adm ixture ,  the heat generated  e n co u ra g e s  the 
d issem inat ion  o f  l odgepole  pine s e e d .
F i r e s  v a ry  in s e v e r i t y .  A  f i re  m a y  p ass  o v e r  an area  leaving 
t r e e s  which s u r v iv e .  When this o c c u r s ,  there  wil l  be e ither  spruce  or  
l od gepo le  pine reproduct ion  a c c o r d in g  to the s p e c i e s  le ft .
When a s p e n -w i l l o w  c o m e s  in fo l lowing  a burn, e s p e c i a l l y  on the 
f iner  textured s o i l s ,  it is gradual ly  r e p la c e d  by  spru ce  which re ach e s  
dom inance  with the dec l ine  o f  the n u r s e - c r o p .  Spruce  w i l l  a lso  outl ive  
lodgepo le  pine on fine textured so i l s  where  lodgepo le  pine was once  
dominant.
Thus spruce  stands which or ig inate  fo l lowing  f i r e ,  whether 
the deve lopm ent  is through the a s p e n -w i l l o w  o r  lodgepole  pine types or  
as  pure spru ce  stands,  usually  tend to be e v e n -a g e d  through the im m ature  
and thri fty  mature s tages .  Eventual ly  alpine f i r  begins  to s e e d - i n ,  often 
surviv ing long p e r io d s  as s u p p r e s s e d  advance grow th .  The stand then 
begins to break  up, and with the gradual  fall ing out o f  the o ld e r  t r e e s ,  
tends towards  a m o r e  uneven -aged  s truc ture .
While the pr in c ipa l  com ponent  o f  the stand is w e s te rn  white 
spruce  (P icea  glauca (Moench))  in a s so c ia t io n  with alpine f i r  (Abies  
l a s i o c a r p a  (Hook) Nutt), m in o r  amounts o f  lodgepo le  pine (Pinus contorta  
Dougl.  V a r  lat i fol ia Engelm )  and Douglas f i r  (Pseudotsuga m e n z i e s i i  
(Mirb) F r a n co )  are  often p re se n t .
The im portance  of  the s p r u c e -a lp in e  f i r  type to the e c o n o m y  o f  
the P r o v i n c e  can, in part ,  be judged f r o m  the revenues  d e r iv e d  f r o m  
the sale  o f  Crow n t im b e r  during 1961. A c c o r d i n g  to Table  20 of  the 
Br i t i sh  Colum bia  F o r e s t  S e r v i c e  Annual R ep or t  f o r  1961 (1) 1 4 2 ,7 5 5 ,0 0 0  
cubic  feet  o f  spruce  w e re  cut in the P r i n c e  G e o rg e  F o r e s t  D is t r i c t  at 
p r i c e s  ranging f r o m  75 cents  to $12 .  90 p e r  100 cub ic  fee t .
Crow n t im b e r  was  f i r s t  auct ioned  in the P r i n c e  G e o rg e  F o r e s t  
D is t r i c t  in A p r i l ,  1914. The t e r m s  o f  the f i r s t  T i m b e r  Sale contract  
stated that a l l  t r e e s  o v e r  10 inches in d iam eter  w e re  to be cut,  p r o v id e d  
that m o r e  than 50 p e r  cent of  their  vo lu m e  was  suitable f o r  the manufacture  
o f  lu m b e r  of  any g r a d e .  The t e r m s  of  the f i r s t  sale  set a pattern fo r  h a r ­
vest ing t im b e r  in the N orthern  Inter ior  which has cont inued unbroken fo r  
a lm o s t  40 y e a r s .  In the m eant im e ,  the F o r e s t  S e r v i c e  began am ass in g  
in form ation  on the m anagem ent  o f  the s p r u c e -a lp in e  f i r  type.
P r i o r  to W or ld  War II, the m a jo r i t y  of  operat ions  in the N orthern  
Inter ior  w e re  h o r s e  l ogged ,  so  that, despite  a cutting d iam eter  o f  10 or  
12 inches ,  the res idua l  stands su f fe red  c o m p a r a t iv e ly  l ittle dam ag e .
Barnes  (7) and Pogue  (25) exam in ed  c u t - o v e r  a r e a s  and conc luded  that the 
m a jo r i t y  o f  a reas  could  support  a se co n d  cut in 120 y e a r s .  This  was due 
to the re cu p e ra t iv e  p o w e r s  o f  individual s i tes ,  c oup led  with the s low p e r ­
sistent  se e d in g - in  of  both spruce  and alpine f i r  and the r e l e a s e  growth of  
the res idua l  t r e e s .  Pogue  (25) a lso  c o m m e n te d  on the resu lts  obtained 
through the appl icat ion  o f  a f ixed  cutting d ia m e te r  on a var iab le  stand 
s tru c tu re .  This  var iab i l i ty  led  Pogue  (25) to conc lude  that single  tree  
s e le c t io n  would p rov id e  an accep ta b le  res idua l  stand.
The advent o f  heavy  m a c h in e r y  at the c o n c lu s io n  of  W or ld  War 
II r evo lu t ion ized  logg ing .  It then b e c a m e  p o s s ib l e  to extract  whole  t re e s  
instead o f  short  l o g s .  This  resu lted  in an in c r e a s e  in the damage to the 
res idua l  stand. Whereas  Barn es  (7) had found up to 65 p e r  cent surv iva l  
fo l lowing  h o r s e  logging,  F r a s e r  (15) and D e G ra ce  (13) r e p o r te d  that " c a t "  
logging often reduced  surv iva l  to 35 p e r  cent o f  the potential res idua l  
stand.
It was t h e r e fo r e  apparent that a 10 o r  12 inch d ia m e te r  l imit  
would no lo n g e r  p rov id e  an accep ta b le  res idua l  stand. The obv ious  step 
was to ra ise  the cutting d ia m e te r ,  a m e a s u r e  p r e v io u s ly  suggested  by 
McKinnon (22). H o w e v e r ,  the var iab le  nature o f  the a l p i n e - s p r u c e  f i r  
type is such that it is s e ld o m  conduc ive  to treatm ent  o f  a f ixed  d iam eter  
l im it .  Thus single t re e  s e le c t i o n  p r e v io u s ly  r e c o m m e n d e d  by  Pogue  
(25) was introduced.
It soon  b e c a m e  obv ious  that s p r u c e -a lp in e  f i r  could  not be 
managed  under a blanket p r e s c r i p t i o n  due to the e x t r e m e  var iab i l i ty  of  
stock ing ,  so i l ,  site and m i c r o - c l i m a t e .  A s  a resu lt ,  a f o r m  o f  c l e a r  
cutting, the al ternate str ip  m ethod ,  was introduced  to c om plem ent  
single  t ree  s e le c t i o n .  B a r r  (8) and Gri f f i ths  (18) had p r e v io u s ly  r e ­
p or ted  the im portan ce  o f  m in e r a l  s o i l  in obtaining spru ce  regenera t ion .  
It a l s o  b e c a m e  apparent that alternate  str ip  cutting without s o m e  f o r m  
o f  site prepa ra t ion  might not constitute the m o s t  favourab le  method of  
s e cu r ing  natural r e ge n e ra t io n .  T h e r e f o r e  s ca r i f i c a t io n  was introduced.
It is now s e v e r a l  ye a rs  s ince  the advent o f  stand treatm ent .
In the m eant im e  e x p e r ie n c e  has enabled a f iner  del ineation to be made 
o f  the d i f ferent  types  o f  s p r u c e -a lp in e  f i r  stands.  The del ineat ion o f  
the types and their  treatment  is only  the initial s tage .  T h ere  is a 
constant  need f o r  evaluat ion. This  can be a c c o m p l i s h e d  only o v e r  a 
p e r i o d  o f  y e a r s .
II
A  T y p i c a l  Stand Treatm ent  C r e w  M arking  a Stand f o r  Cutting Under  Single T r e e  S e lec t ion
SINGLE T R E E  SEL E C TIO N  AS A  CUTTING M ETHO D  IN 
S P R U C E -A L P I N E  FIR  
IN THE NORTHERN INTERIOR O F B R ITISH CO LU M B IA
Introduction
Single t re e  s e le c t ion  was f i r s t  p r e s c r i b e d  in the Northern  
Inter ior  o f  Br it ish  Co lum bia  in 1946 at the A l e z a  Lake F o r e s t  Exp er im ent  
Station, but it was not applied  on an operat iona l  bas is  until 1951. By 
1962 ap p ro x im a te ly  78, 200 a c r e s  had been treated  under s ingle tree  s e l e c ­
tion. The introduction o f  single t re e  s e le c t io n  m et  with c o n s id e r a b le  
oppos i t ion ,  p robab ly  because  it was the f i r s t  attempt to introduce  stand 
treatment  (Report  o f  the C o m m i s s i o n e r  relating to the F o r e s t  R e s o u r c e s  
o f  B r i t i sh  Colum bia  (32 ) . )  One of  the p r in c ip a l  c r i t i c i s m s  c o n c e r n e d  the 
p robab le  inc idence  o f  b lowdown.  This  r e p o r t  is an evaluation o f  the 
resu lts  o f  single  t ree  s e le c t ion  in the s p r u c e -a lp in e  f i r  type .  It is based  
on surveys  c a r r i e d  out in 1957 and 1959 supplem ented  by addit ional m e a s ­
urem ents  made during 1961.
The Results  o f  the Study
To evaluate the s u c c e s s  o r  fa i lure  o f  s ingle t ree  s e le c t i o n  it is 
f i r s t  n e c e s s a r y  to es tab l ish  that the stands w e re  m a r k e d  in a c c o r d a n c e  
with ins truct ions .  In m arking  the stands the stand treatment  c r e w s  w ere  
instructed  as f o l low s :
(1) W ork  to the p r e s c r i b e d  f lex ib le  d iam eter  l im it .  This wil l  vary  
a c c o r d in g  to condit ions  on the ground.  A l l  t r e e s  above the spec i f ied  
d iam eter  l imit  should be m a r k e d  unless  their  r e m o v a l  will  open up 
the canopy to an extent which might  cause  a high inc idence  of  
m o r ta l i ty .
(2) G ive  p r e f e r e n c e  in m arking  to the high r i sk  s te m s ,  i . e .  t r e e s  
l iable  to sustain s e v e r e  l o s s e s  during the next 40 y e a r s .
(3) Do not m a r k  l e s s  than 800 cub ic  feet  per  a c r e .
(4) Do not m ark  m o r e  than 50 p e r  cent o f  the vo lum e 11 .1 "  +.
(Marking Manual f o r  the P r i n c e  G e o r g e  F o r e s t  D is t r i c t  (17)).
The surveys  indicated  that the stand treatment  c r e w s  c o m p l ie d  
with the instruct ions  perta in ing to the cut per  a c r e  and the p e rce n ta ge  cut 
( stems 11 .1 "  + ). The av e ra ge  vo lum e m ark e d  f o r  cutting was 2 , 6 0 1 . 5  cubic  
feet  p e r  a c r e  (stems 11 .1 "  + )\  an addit ional 9 0 .5  cubic  feet  p e r  a c r e  
(stems 11 .1 "  +) was cut in t r e s p a s s .  The p e rce n ta ge  c u t / l e a v e  (stems
1 B a sed  on 1 ,767 l / 5 0 t h  or  l / 2 0 t h  a c r e  p lo ts .
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11. 1"+) was 50. 7 p e r  cent cut and 49.  3 p e r  cent le a v e .  A s  re gard s  
the s e le c t io n  o f  individual s tem s  it appeared  that the m ark ing  had been 
c a r r i e d  out in a c c o r d a n c e  with ins truct ions .
Having es tab l ished  that the stands w ere  m a r k e d  s a t i s fa c to r i ly ,  
it is now p e r m i s s i b l e  to inquire whether the treatment  o b je c t iv e  was  m et .  
The o b je c t ive  of  single  tree  s e le c t i o n  as applied  to these stands was:
" t o  h arvest  s e le c te d  m ature  and o v e r m a t u r e  s te m s ,  leaving a thr ifty 
res idua l  stand capable  o f  sustaining a secon d  c u t . "
Inasmuch as 2 ,6 1 4  cub ic  feet  per  a c r e  (stems 1 1 .1 "  + ) was left 
a f ter  logging,  it was apparent  that there was  su ff ic ient  vo lum e to warrant 
a se co n d  cut .  But it should be noted that the secon d  cut wil l  n e ce ss i ta te  
a m o r e  intensive uti l ization o f  alpine f i r .  The in c r e a s e  in the p ercen ta ge  
o f  alpine f i r  to 55 per  cent of  the res idua l  stand (stems 3. 1" +) is of  
s o m e  c o n c e r n ,  s ince  alpine f i r  has a re la t ive ly  short  patho log ica l  r o t a ­
tion (Waldie (37)).  Th is ,  coup led  with the fact  that much o f  the alpine 
f i r  in the s m a l l e r  d ia m e te rs  is s u p p r e s s e d  and of  doubtful quality even 
in a pulp e c o n o m y ,  m a y  resu lt  in a s m a l l e r  y ie ld  p e r  a c r e  f r o m  the 
s e co n d  cut, unless  an alternative  use f o r  alpine f i r  is found. If the 
alpine f i r  cannot be ut i l ized ,  and should the inc idence  o f  damage rem ain  
at the sam e high l e v e l ,  then, based  on present  standards o f  ut i l ization,  
these stands might  only  p ro d u ce  a m arg in a l  cut.  Even so ,  there is su f ­
f ic ient  ev idence  to conc lude  that the o b je c t ive  o f  leaving a secon d  cut 
was m et .
Single t ree  s e le c t i o n  is not a s i lv icu ltura l  s y s te m  and in this 
instance it was e m p lo y e d  to attain s p e c i f i c  m anagem ent  o b je c t iv e s ,  
a d i s c u s s io n  o f  which is beyond the s cope  o f  this r e p o r t .  N ev e r th e le s s  
the e a r ly  studies by Barnes  (7) and Pogue  (25) had indicated that spruce  
might be suited to m anagem ent  under a m o d i f ie d  f o r m  of  se le c t ion ,  in 
which c a s e  both re ge n e ra t io n  and increm ent  should be used as c r i t e r i a  
in determ ining  the s i lv icu ltura l  benef i ts ,  if any, o f  single  tree  s e le c t io n .
The f i rs t  c r i t e r i o n  was based  on the e f f i c a c y  of  the treatment  
in secu r ing  natural r e ge n e ra t io n .  R eg enera t ion  was checked  in 1957 and 
again in 1961. The 1957 su rv e y  indicated the av era ge  stocking (trees 
under 4' 1" in height) was 2 8 .5  p e r  cent (stocked  quadrats)^ .  This  was 
p r in c ip a l ly  alpine f i r  advance growth which had undergone long p e r io d s
1 B a se d  on 822 1 /1000  a c r e  p lo ts .
o f  s u p p r e s s io n  and hence  is p r o b a b ly  o f  doubtful quality.  The av era ge  
stocking o f  spruce  was only  2 .7  p e r  cent (stocked  quadrats ) .  The 
resu lts  o f  the 1961 s u r v e y  indicate the av e ra ge  stocking o f  spru ce  
(establ ished  seedl ings )  was 6 . 3  p e r  cent (stocked quadrats) with a 
range o f  4 . 3  p e r  cent  to 8 p e r  cent .  T h ese  resu lts  c o n f i r m e d  those 
obtained in 1957 and indicated  that single  tree  s e le c t ion  did not appear  
to be inducing spruce  re ge n e ra t io n .  At the s a m e  t im e ,  it should be 
pointed  out that while the 1961 s u r v e y  indicated a range o f  f r o m  400 to 
1820 spru ce  seedl ings  p e r  a c r e ,  the vast m a jo r i t y  o f  seed l ings  o c c u r r e d  
along skid road s ,  c o n f i rm in g  the need f o r  m in e r a l  so i l  in obtaining spruce  
regen era t ion  (Barr  (8 ) ) .  Inasmuch as a l l  the a r e a s  w e re  lo gg e d  in winter ,  
the only  e xp o se d  m in e r a l  s o i l  was along skid roads  and this was r e f l e c t e d  
in the d istr ibution of  the see d l in gs .  It would th e r e fo r e  appear  that without 
s o m e  f o r m  o f  s e e d - b e d  prepa ra t ion ,  the regen era t ion  ob je c t ive  cannot be 
m e t .
The secon d  c r i t e r i o n  was based  on the e f fe c t iv e n e s s  o f  the t r e a t ­
ment in t e r m s  o f  r e l e a s e  growth.  In this r e g a r d  it was a s s u m e d  that the 
o b je c t ive  would have been  met  if  there  w e re  ev idence  that r e l e a s e  had taken 
p l a c e .  It must be e m p h a s ize d  that r e l e a s e  does  not in c r e a s e  g r o s s  p r o d u c ­
tivity  but m e r e l y  red is t r ibu tes  growth potentia l.  A c c o r d i n g  to data c o l l e c te d  
in 1961 there  was no ev idence  to indicate that r e l e a s e  has taken p l a c e .   ^
A c c o r d i n g  t o S t e t t l e r  (34) r e l e a s e  in spru ce  s e ld o m  o c c u r s  during the f i r s t  
8 to 10 y e a r s  fo l lowing logg ing ,  and the a r e a s  studied w e re  logged  5 to 7 
y e a r s  ago .  Sam ples  f r o m  stands logged  10 y e a r s  ago showed m a rk e d  r e ­
l e a s e .
One o f  the p r in c ip a l  c r i t i c i s m s  o f  s ingle  t re e  s e le c t i o n  was that 
it would p r o b a b ly  resu lt  in s e v e r e  b lowdown.  This  contention did not 
appear  to have been substant iated , s ince  only  7 . 6  s tem s  p e r  a c r e  (3. 1" ‘ 
- - a l l  s p e c i e s )  w e re  blown down, o f  which 5 8 .5  p e r  cent o r  4 . 4 5  s tem s  per  
a c r e  w e r e  alpine f i r .  The l o s s  due to b lowdown was 154 .5  cub ic  feet  p e r  
a c r e ,  o f  which 9 1 .5  cub ic  feet  p e r  a c r e  o c c u r r e d  in s p r u c e .  This  r e p ­
resen ted  an annual l o s s  o f  6 1 . 8  cub ic  feet  p e r  a c r e  ( s t e m s - - 3 .  1" ^ - - a l l  
s p e c i e s )  which was equivalent  to the l o s s  o f  ap p ro x im a te ly  1 1 /2  ye a rs  
growth ( F r a s e r  and A le x an d e r  (16 ) ) .  This  was a s e v e r e  l o s s  but did not 
c o m p a r e  with l o s s e s  sustained during harvest ing .
1 B a sed  on an examinat ion  o f  327 increm ent  c o r e s .
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to l o g g i n g
The lo s s  sustained during logging was 508. 5 cub ic  feet  per  
a c r e .  This  r e p resen ted  ap p ro x im a te ly  5 y e a rs  growth f o r  a thri fty ,  
w e l l - s t o c k e d  stand grow ing  on a c u t - o v e r  a re a  ( F r a s e r  and A le x an d e r  
(16 ) ) .  But even this is m in im a l  c o m p a r e d  with the l o s s e s  re p o r te d  by 
F r a s e r  (15) and D e G ra ce  (13) in p rev iou s  studies in the sam e l o c a le .  
N e v e r th e le s s  for  e v e r y  4 cub ic  feet  cut 1 cub ic  foot  was d e s t r o y e d .  The 
l o s s e s  sustained during harvest ing  w ere  m o r e  than three t im e s  the 
l o s s e s  attr ibutable  to b lowdown and r e p re s e n te d  the g reates t  drain on 
the stand. The total vo lum e los t  during and s ince  logging was 663 cubic  
feet  p e r  a c r e .
The inc idence  o f  s c a r r in g  in stands treated  under s ingle t ree  
se le c t i o n  was high (80 .7  s c a r s  p e r  a c r e ) .  The vo lume l o s s  result ing f r o m  
these  s c a r s  p r o j e c t e d  o v e r  a 15 yea r  p e r i o d  was,  h o w e v e r ,  only  10 .3  cubic  
feet  p e r  a c r e .  It would appear  that while these s c a r s  p ro v id e d  a d isea se  
court ,  the rate o f  sp r e a d  as es tab l ished  by P a r k e r  (23) was insidious 
rather  than rapid .  The vo lum e l o s s  f r o m  s c a r r in g  was not a fa c to r  
which should p re c lu d e  the use o f  s ingle  t ree  s e le c t i o n .  By  far  the m o r e  
s e r i o u s  a s p e c t  o f  s ca rr in g  m ay  be the probab le  dow n -grad in g  o f  the butt 
lo g .  This  was  e v id enced  by the fact  that tw o - th i rd s  o f  a l l  s c a r s  o c c u r r e d  
be low  d . b . h . ,  i . e .  a total o f  5 3 .4  (66 .2  p e r  cent) p e r  a c r e . M o r e o v e r  
1 9 .8  s c a r s  p e r  a c r e  have a s u r fa ce  a re a  in e x c e s s  of  37 square  inches .  
S c a r s  o f  this s ize  wil l  p r o b a b ly  a f fec t  the quality o f  the butt log .
COMPARISON BETWEEN THE NUMBER OF DAMAGED AND UNDAMAGED TREES 
IN THE RESIDUAL STAND FOLLOWING LOGGING


































A n  A e r i a l  V ie w  o f  Alternate  Strip  Cutting in the S p r u c e -A lp in e  F i r  Type
A L T E R N A T E  ST R IP  CUTTING AS A  CUTTING M ETHOD 
IN THE NORTHERN INTERIOR 
O F BRITISH COLUM BIA
INTRODUCTION
Alternate  s tr ip  cutting was f i r s t  applied  in the N orthern  
Inter ior  in 1954 in the C r o o k e d  R iv e r  a r e a .  T o  date a p p ro x im ate ly  
146, 800 a c r e s  have been laid out under the alternate  str ip  m ethod ,  
which was introduced  when operat ions  began to m ove  into the e v e n -a g e d  
stands.  The intent was  to manage these stands under a c l e a r  cutting 
r e g im e ,  the s i lv icu ltura l  ob je c t ive  being natural  regenerat ion .
It was a p p rec ia ted  that the chance o f  s e cu r ing  spruce  r e g e n e r a ­
tion without s e e d - b e d  p repara t ion  was  r e m o te .  But it was fe lt  that the 
e c o n o m i c  c l im ate  did not favour  the introduction  o f  s e e d - b e d  p repara t ion ,  
although it was hoped to introduce s ca r i f i c a t io n  at a later  date.
The introduction o f  alternate  str ip  cutting was based  on the 
assum pt ion  that the or ig ina l  p o l i c y  o f  treating m u l t i -a g e d  stands under 
single tree  s e le c t io n  would continue.  H o w e v e r ,  the em phas is  changed 
and alternate  str ip  cutting b e c a m e  a panacea .  Despite  the introduction 
o f  s ca r i f i c a t io n  in 1956, the back log  of a re as  requ ir ing  s e e d - b e d  p r e p a r ­
ation continues to g r o w .  This  r e p o r t  attempts  to evaluate the resu lts  o f  
a lternate  str ip  cutting in t e r m s  of  regenerat ion  and m or ta l i ty  on s c a r i f i e d  
and un scar i f ied  a r e a s .
The Resu lts  o f  the Study
To evaluate the s u c c e s s  o r  fa i lure  o f  a lternate  str ip  cutting it 
is n e c e s s a r y  to es tab l ish  whether the str ips  w ere  p r o p e r l y  laid out. In 
laying out al ternate s tr ips  the stand treatment  c r e w s  w ere  instructed  as 
f o l lo w s :
(1) Lay  out the a re a  to h a rv e s t  ap p ro x im a te ly  50 p e r  cent of  
the vo lum e ( 1 1 .1 " 4 ) .
(2) Cut and leave  str ips  should be ap p ro x im a te ly  4 chains wide .
(3) Cut s tr ips  should not e x c e e d  30 chains  in length.
(4) Strips should  be laid out at right angles  to the preva i l ing  
wind and p a r a l l e l  to the contour ,  w henever  p o s s i b l e .
(5) A l l  c o r n e r s  o f  cut and leave  str ips  should be rounded off  
to m in im iz e  blowdown.
LOSSES RESULT ING FROM B LO W D O W N  
CU.FT. PER ACRE BY A S P E C T S  
(T R E E S -11 . r ’-H
ALTERNATE LEAVE STRIPS - SPRUCE ALP INE  FIR TYPE NORTHERN INTERIOR
Scale; 1 in= 50 cu.ft.
Only  five  o f  16 a r e a s  exam ined  w ere  t  5 p e r  cent o f  the 
s p e c i f i e d  50 p e r  cent  cut and leave  and the other  11 w ere  la id  out to 
cut m o r e  than 55 p e r  cent o f  the vo lume (11. 1" + ) . The evaluation of  
s tr ip  layout was p r i m a r i l y  c o n c e r n e d  with the fa c to r s  contributing to 
b lowdown.  While there  w e re  a re a s  which had been laid out in a c c o r d ­
ance  with the p r e s c r i b e d  guide l ines ,  this was not the ca se  in the 
m a jo r i t y  o f  areas  sa m p le d .  One and often two or  three  o f  the guide 
lines had been ign ored .  A s  a resu lt  there  was a h igher  inc idence  of  
b lowdown.
There  w e re  often explanat ions  f o r  s o m e  o f  the m o r e  uncon ­
ventional layouts (site,  s lope  o r  other  topographic  cond it ions) ,  but 
there  w e re  many e r r o r s  which cou ld  and should have been avo ided .
T h ere  a re  s e v e r a l  explanations f o r  the p o o r  f ie ld  w ork .
(1) O p e r a to r  P r e s s u r e  -  F ie ld  m en a re  often exp o se d  to lo ca l
p r e s s u r e s  and there  was on o c c a s i o n  c o n ­
s iderab le  p r e s s u r e  on the stand treatment  
c r e w s  to widen the cut s t r ip s .  (Report  o f  
the C o m m i s s i o n e r  re lating to the F o r e s t  
R e s o u r c e s  of  Br i t i sh  Co lum bia  (32) ).
(2) L a ck  o f  Train ing -  T h e re  was a swing f r o m  single  t re e  s e l e c ­
tion to alternate  str ip  cutting starting in 
1954. With an expanding e c o n o m y  the 
stand treatment  organ izat ion  was under 
p r e s s u r e  to treat  a la rge  num ber  o f  a r e a s .
It was t h e r e fo r e  inevitable that training 
should su f fe r .
(3) L a ck  of  Adequate -  The rapid expansion  o f  the p r o g r a m  between
S uperv is ion  1954 and 1956 c r e a te d  organ izat iona l  p r o b ­
l e m s .  This  resu lted  in a lack  o f  adequate 
su p e rv is io n .
Steps have a l r e a d y  been taken to c o r r e c t  these p r o b l e m s .
N e v e r t h e le s s ,  the quality of  the f ie ld  w ork  cannot be ignored  
s ince  it was in part  r e sp o n s ib le  f o r  a high p ercen ta ge  of  the windfa l l .  The 
inc idence  o f  b lowdown on the a lternate  str ips  was 2 3 .9  cub ic  feet  per  
a c r e  p e r  y e a r .  The total l o s s  on the 2 ,7 3 0  a c r e s  exam ined  was 274 ,966  
cubic  feet  (stems 7 . 1 " + ) .  While this m a y  not appear  to be a se r io u s  lo s s  
there  is a r e a l  danger  that if  that le v e l  is not r ed uced  it could  contribute 
to a bui ld -up  in the s p r u c e  bark  beet le  population (Dendroctinus b o r e a l i s ) .
M o r e o v e r ,  w hereas  the b lowdown in the c a s e  of  single tree  
se le c t ion  was somewhat  s p o r a d ic ,  in the c a s e  o f  a lternate  s tr ip  cutting 
where  l o s s e s  o c c u r r e d  they w ere  quite s e v e r e .  Th ese  l o s s e s  w e re  
ge n e ra l ly  lo cated  at the ends o r  along the exp o se d  fa ce s  o f  the leave 
s t r i p s .
While ad herence  to the guide l ines should red uce  l o s s e s  
there  is a l s o  a need f o r  a better  understanding of  the fa c to r s  in f luenc ­
ing b lowdown.  E v e r y  area  p o s e s  a s lightly di f ferent  p r o b l e m .  It is 
not suff ic ient  to examine a stand and p r e s c r i b e  a lternate  str ip  cutting, 
then p e r m it  the a re a  to be laid out in m e c h a n ic a l  o r  s e m i - m e c h a n i c a l  
fash ion .  Strip layout is a c o m p l e x  task and a 20 - f o o t  contour  map is 
a p r e - r e q u i s i t e .  This  is t im e  consum ing  and exp en s ive ,  but is n e c e s ­
s a r y  if b lowdown is to be red u ced .  F u r t h e r m o r e  a contour  map wil l  
enable a better  a p p rec ia t ion  o f  l o c a l  topographic  cond it ions .  The fa i lure  
to c o n s id e r  the e f fect  o f  topography  on low le v e l  winds has been  a m a jo r  
fa c to r  in the l o s s e s  which have been sustained.
In the Northern  In ter ior ,  winds of  30 m . p . h .  o r  m o r e  during 
the c r i t i c a l  spring and fall  p e r io d s  g e n e ra l ly  c o m e  f r o m  a d ire c t io n  
sl ightly  east  o f  south, with a s m a l l  s e c o n d a r y  peak f r o m  s l ight ly  north 
o f  west .  By  contrast  m a x im u m  gust v e lo c i t i e s  are  g e n e ra l ly  f r o m  a 
m o r e  southw ester ly  d ire c t io n .
The o b s e r v e d  d i r e c t io n  o f  b lowdown in the N orthern  Inter ior  
appears  to be tied in m o r e  c l o s e l y  to the strong gu sts .  The f ie ld  data 
is r e m a r k a b ly  constant in that in 14 out of  16 a r e a s  studied, the d i r e c ­
tion o f  the fallen t re e s  was northeast .
The o b je c t ive  o f  the alternate  str ip  method  is " t o  c rea te  c o n ­
ditions conduc ive  to the natural regen era t ion  o f  s p r u c e . "  The p r im e  
requ is i tes  are :
(a) An adequate s eed  so u r ce
(b) A s a t i s fa c to ry  s e e d - b e d
P r e v io u s  studies by Row e (31), Squi l lace  (33) and Proch n a u  (26) indicate 
a 4 - c h a in  leave str ip  should p rov id e  adequate s eed  to r e s t o c k  a 4 - c h a in  
cut s tr ip .  The p r e f e r r e d  s e e d - b e d  f o r  the re ge n e ra t io n  o f  s p ru ce  is 
m in e r a l  s o i l  (Barr  (8 ) ) .  The m a jo r i t y  o f  logg ing  operat ions  in the 
N orthern  Inter ior  are  conducted  during the winter ,  at which t im e  the 
ground is c o v e r e d  with f r o m  1 to 7 feet  o f  snow.  O perat ions  a re  c o n ­
ducted  with heavy c r a w l e r  equipment,  which c r e a t e s  l ittle so i l  d i s tu r b ­
ance s ince  the m a c h in e r y  r ides  o v e r  the snow.  Hence  s ca r i f i c a t i o n  was
in troduced  in 1956 to c rea te  a s a t i s fa c t o ry  s e e d - b e d .  The extent of  
the s ca r i f i c a t i o n  to date is a p p r o x im a te ly  10 ,000  a c r e s .  This  r e p r e ­
sents  only a sm a l l  f ra c t ion  of  the total a c r e a g e  treated  under the 
al ternate str ip  method.
In view o f  the large  a c r e a g e  which has not been s c a r i f i e d ,  a 
s u r v e y  was made to de term ine  whether the u n scar i f ie d  a re as  are  r e ­
stock ing .  The stocking of  spruce  on the u n s ca r i f i e d  str ips  was 27 .7  p e r  
cent^ (stocked  quadrats ) .  The addition of  the alpine f i r  would br ing  the 
stocking up to 4 1 .7  p e r  cent (stocked  quadrats ) ,  but much  o f  the alpine 
f i r  is advance growth o f  doubtful value. The p ercen ta ge  o f  quadrats  con ta in ­
ing spru ce  was h igher  than antic ipated .  This  is p ar t ly  explained by the fact  
that s ince  the inception of  the alternate  str ip  method ,  o p e r a to rs  have been 
en co u rag e d  to c reate  m a x im u m  d is turba nce .  This  m a y  have resu lted  in 
the exp osu re  o f  a h igher  pe rce n ta ge  o f  m i n e r a l  so i l  than was p r e v io u s ly  the 
c a se  under the old  d iam eter  l im it  cutting w here  the ' ca ts '  w e re  conf ined  to 
skid r o a d s .  This  was e s p e c i a l l y  true  in the c a s e  o f  s u m m e r  logg ing .  H o w ­
e v e r ,  in view o f  the l im ited  s a m p le ,  addit ional data should be.  s e c u r e d  be fo re  
it can be a s su m e d  that the u n s ca r i f i e d  str ips  a re  r e s to ck in g .
The avera ge  stocking f o r  spru ce  on the s c a r i f i e d  str ips  was
5 2 .4  p e r  cent^ (stocked quadrats ) ,  ach ieved  at a c o s t  of  $ 1 6 .6 2  p e r  a c r e .  
This  r e p re s e n ts  an in c r e a s e  o f  8 9 .2  p e r  cent o v e r  the stocking on the 
u n scar i f ie d  a r e a s .  If a l low ance  is made f o r  the alpine f i r ,  the stocking 
p ercen ta ge  would be 6 6 .4  p e r  cent (stocked quadrats ) .  The initial  cos t  
o f  $ 1 6 .6 2  p e r  a c r e  has subsequently  been p r o g r e s s i v e l y  red uced  to $ 7 .7 5  
p e r  a c r e  and it is felt  that the 65 per  cent standard (e f fect ive  work)  su g ­
ges ted  by D ec ie  and F r a s e r  (12) can now be attained f o r  $ 7 . 0 0  to $ 1 0 ,0 0  
p e r  a c r e .  T h ese  f igu re s  are  based  on the p ercen ta ge  of  each  type o f  
a r e a  l ike ly  to be s c a r i f i e d ,  though naturally  there  wil l  be  co n s id e r a b le  
variat ion  in cost  between individual a r e a s .  F o r  exa m p le ,  the cos t  o f  
s ca r i fy in g  an Oplopanax^ (O) site type is g e n e ra l ly  ap p ro x im ate ly  three 
t im e s  the cos t  o f  s ca r i fy in g  a Cornus  M o ss  (CM) site type.
B a r r  (8) and Grif f i ths  (1 8) r e p o r te d  m in e r a l  so i l  was the m o st  
favourab le  s e e d - b e d  f o r  spru ce  re ge n e ra t io n  with a m ixture  o f  m in e r a l  
s o i l  and duff (disturbed) the next m o s t  favourab le .  Only 1 p e r  cent o f  the 
s tock ed  quadrats  o c c u r r e d  on raw humus (undisturbed) as c o m p a r e d  with
1 B a se d  on 900 1 /1000  a c r e  p lo ts .
2 B a se d  on 4242 1 /1000  a c r e  p lo ts .
3 F o r  d e sc r ip t io n  o f  site types — see  A r l id g e  (6)
THE OCCURRENCE OF STOCKED QUADRATS (SPRUCE) ON DIFFERENT TYPES
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6 7 .4  p e r  cent  on m in e r a l  s o i l  and 2 8 .9  p e r  cent on d isturbed .  The 
o r ig ina l  m in e r a l  s o i l  survey^ indicated 6 1 .2  p e r  cent o f  the a r e a  c o n ­
tained a s a t i s fa c t o r y  s e e d - b e d ,  o f  which 6 3 .7  p e r  cent was m in e r a l  so i l  
c o m p a r e d  with 3 1 .3  p e r  cent d isturbed .  The study c o n f i r m e d  prev ious  
f indings regard ing  m in e r a l  so i l  which was the p r e f e r r e d  s e e d - b e d  in 
all  instances  except  on Oplopanax (O) site types and lacustr ine  so i ls^  
where  a s tat is t ica l  ana lys is  o f  the data indicated no p r e f e r e n c e  between 
m in e r a l  s o i l  and d isturbed  s e e d - b e d s .
The best  resu lts  w e re  obtained on C o r n u s - M o s s  (CM) site types 
and on g la c ia l  ti l l  s o i l s .  The stocking on the C o r n u s - M o s s  (CM) site 
types was 63. 1 p e r  cent (s tocked  quadrats) c o m p a r e d  with 50, 5 p e r  cent 
(stocked  quadrats) on the Oplopanax (O) site types .  The stocking on the 
g la c ia l  ti l l  so i l s  was 5 1 .5  p e r  cent (stocked  quadrats) c o m p a r e d  with 
3 6 .3  p e r  cent (stocked  quadrats) on lacustr ine  so i ls  and 3 4 .4  p e r  cent 
(stocked  quadrats)  on a l luv ium s.
T h ere  w e re  strong indications  of  the im p ortan ce  o f  shade in 
spruce  germ inat ion  and surv iva l .  The m a jo r i t y  o f  s tocked  quadrats  on 
al l  s ites  and s e e d - b e d s  w e re  c l a s s e d  as shaded, i . e .  they w e re  not e x ­
p o se d  to d ire c t  l ight.  Spruce  can germ inate  on any s e e d - b e d  p ro v id e d  
suff ic ient  m o is tu re  is ava i lab le .  Whereas  m in e r a l  so i l  can retain 
m o is tu r e  f o r  a r e la t iv e ly  long p e r i o d ,  d is turbed  and undisturbed (raw 
humus) tend to d ry  out.  On d isturbed  and undisturbed,  a lm o s t  100 per  
cent of  the s tocked  quadrats  w e re  shaded c o m p a r e d  with 7 8 .6  p e r  cent 
on m in e r a l  so i l .  It would appear  shade is r e sp o n s ib le  f o r  the c o n s e r v a ­
tion o f  the n e c e s s a r y  s o i l  m o i s t u r e .  Shade a l s o  appears  to have an in­
f luence  on surv iva l  by  preventing so i l  t e m p e ra tu re s  f r o m  reaching  the 
c r i t i c a l  l im i t s .
The av era ge  stocking fo l low ing  s ca r i f i c a t io n  was 5 2 .4  p e r  cent 
(stocked  quadrats) but the actual num ber  o f  seed l ings  on a p e r  a c r e  bas is  
was fa r  g r e a t e r  than the stocking p ercen ta ge  would ind ica te . This  is due 
to the fact  that 58. 0 p e r  cent  o f  the s to ck ed  quadrats  contained m o r e  than 
5 seed l in gs ,  while 4 6 . 8  p e r  cent  contained 10 o r  m o r e ,  and there  m a y  
be a danger  of  l o c a l i z e d  o v e r s t o c k in g .  C er ta in ly  the d istr ibution o f  spruce  
seedl ings  on the s c a r i f i e d  a re as  was fa r  f r o m  un i form ,  tending towards  
s m a l l  dense c lu m p s .  H o w e v e r ,  this is not env isaged  as a s e r io u s  p r o b l e m .
1 B a se d  on 4242 1 /1000  a c r e  plots
2 F o r  d e sc r ip t io n  o f  s o i l s  see  K e l l e y  and F a rs ta d  (20)
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Spruce  Regenerat ion  Fo l low ing  S ca r i f i ca t io n
The stocking on the lacustr ine  Oplopanax c o m p l e x  was
36. 3 p e r  cent  (stocked  quadrats)  c o m p a r e d  with 63 per  cent in the 
c a s e  o f  the C o r n u s - M o s s  g la c ia l  t i l l  c o m p l e x .  In the C o r n u s - M o s s  
g la c ia l  t i l l  c o m p le x ,  7 3 . 2  p e r  cent of  the s tocked  quadrats contained 
m o r e  than 5 seedl ings  c o m p a r e d  to 3 2 .8  p e r  cent with m o r e  than 5 
seedl ings  in the lacustr ine  Oplopanax c o m p le x .
The es t im ated  num ber  o f  spru ce  seed l ings  p e r  a c r e  on the 
di f ferent  s i tes  was:
C o r n u s - M o s s  (CM) site type -  10 ,300
G lac ia l  T i l l  so i l s  -  6 ,6 0 0
Oplopanax (O) site type -  4 , 1 0 0
Lacustr ine  so i l s  -  1 ,700
Alluv ium  s o i l s  -  1 ,400
The average  num ber  o f  spru ce  seedl ings  p e r  a c r e  was 5 ,6 6 0 .
It should be noted that the in form ation  contained in this report  
perta ins  to t w o - y e a r - o l d  s e e d l in g s .  A r e a s  s c a r i f i e d  in 1956 and 1957con -  
tained ap p ro x im a te ly  50 p e r  cent spruce  with between 2500 and 3500 e s t a b ­
l ished  seedl ings  per  a c r e  5 to 6 y e a rs  after  s ca r i f i c a t io n .  If this is 
typ ica l  o f  surviva l  on g la c ia l  t i l ls  then perhaps  c o n s id e ra t io n  should be 
given to reducing the standard of e f fe c t ive  w ork .  The need to redef ine  
s ca r i f i c a t i o n  standards  is a l s o  suggested  by the apparent better  height 
growth of  seed l ings  on a m ixture  o f  m in e r a l  s o i l  and raw humus (d i s ­
turbed) as c o m p a r e d  withthe growth o f  seedl ings  on exp o se d  m in e r a l  
s o i l .  While no data was c o l l e c te d  to support  this o b se rva t io n  it is in 
ag re e m e n t  with s im i la r  o b s e r v a t io n s  made by D ec ie  and F r a s e r  (12).
DISCUSSION AND CONCLUSIONS
The past decade  has seen  c o n s id e r a b le  p r o g r e s s  in stand 
treatm ent .  This  does  not m ean  that all  the p r o b le m s  have been  so lved  
o r  even r e c o g n iz e d .  F a i lu r e s  have been just as frequent  as s u c c e s s e s ,  
but even these have their  value.
To  date single  t ree  s e le c t i o n  has fa i led  to p ro d u ce  any a p p r e c ­
iable s i lv icu ltura l  bene f i ts ,  but it should be noted that many of  the a r e a s  
studied a re  only just approaching  the r e l e a s e  p e r i o d  as d e term ined  by 
Stettler  (34). Stands which had entered  o r  p a s s e d  through the r e l e a s e  
p e r i o d  showed a pos i t ive  growth r e s p o n s e .
The m o s t  s e r io u s  p r o b l e m  a s s o c ia t e d  with s ingle  tree  s e le c t ion  
was found to be the high inc idence  o f  m or ta l i ty  resulting f r o m  logg ing .  It 
would appear  that these l o s s e s  resu l ted  in part f r o m  the i n c o r r e c t  a p p l i c a ­
tion o f  logging m a c h in e r y  and that there  is a dist inct  need f o r  a better  
understanding of  m ach ine  usage in re lat ion to s i lv icu ltura l  r e q u i r e m e n t s .
Alternate  s tr ip  cutting has by con trast  im p ro v e d  s p ru ce  r e g e n ­
erat ion ,  e s p e c ia l l y  on a r e a s  which have been s c a r i f i e d .  This  method 
appears  to p rov ide  a part ia l  so lution to the p r o b l e m  of se cu r in g  spruce  
regenerat ion ,  but despite  its p r o m i s e ,  there is stil l  the p r o b le m  of  the 
leave s t r ip s .  They can either be h a rv e s te d  once  the cut str ips  are  s a t i s ­
f a c to r i l y  r e s to c k e d  o r  retained  until the new stand is capable  of  p roducing  
seed .
If the leave str ips  are  h arv e s te d  as soon  as the cut s tr ips  have 
r e s to c k e d ,  an a r t i f i c ia l  regenerat ion  p r o g r a m  beyond the capac i ty  of  
exis t ing n u r s e r y  fa c i l i t i e s  m ay  b e c o m e  n e c e s s a r y .  On the other  hand, 
if the leave str ips  a re  retained fo r  a further  40 y e a r s  they cou ld  sustain 
s e r io u s  l o s s e s  f r o m  blowdown,  d i se a se  and in s e c ts .  T h ere  is the p o s ­
s ib i l i ty  that p r e - s c a r i f i c a t i o n  of  the leave  s tr ips  might  p rov ide  a solution.  
P r e - s c a r i f i c a t i o n  has a l r e a d y  been c a r r i e d  out and resu lts  to date have 
been  quite encourag ing .  H o w e v e r ,  s car i fy in g  the natural stand m ay  in ­
duce windfall  and should a s eed  c r o p  fa i l  to m a te r ia l i z e  the stand must  
stil l  be h arvested .  While this is an avenue to be e x p lo r e d  its s u c c e s s  
m ay  depend on the p e r i o d i c i t y  o f  seed  c r o p s  s ince  p r e - s c a r i f i c a t i o n  
should be t im ed  to co in c id e  with a good  seed  y e a r .
Any sy s te m  which does  not h arv e s t  the entire  stand within a 
reasonab le  p e r io d  o f  t ime and which does  not regenerate  the ent ire  area  
has l im itat ions .  S pruce  has many s i lv i c a l  c h a r a c t e r i s t i c s  to indicate 
that a she l te rw ood  sy s te m  might  be f e a s ib l e .  This  could  be a c c o m p l i s h e d  
by rem ov in g  the c r o p  in two s tages ,  the f i r s t  cut to be f o l lo w e d  by  s c a r ­
i f ication .
Natural  regen era t ion  wil l  be ,  at least  f o r  the f o r e s e e a b l e  future,  
the p r i m a r y  o b je c t ive  in the N orthern  Inter ior  but it is obvious  that a 
s trong a r t i f i c ia l  regenerat ion  p r o g r a m  is needed  to c o m p le m e n t  this .  
P r e s e n t  n u r s e r y  fa c i l i t ie s  should be expanded.  Until this can be done, 
planting should, w henever  p o s s ib l e ,  be concentra ted  on high s i tes ,  
e s p e c ia l l y  Oplopanax (O) s i tes  and lacustr ine  s o i l s .
The p resen t  s ca r i f i c a t io n  p r o g r a m  must  be stepped up, and 
extended to include stands t reated  under single  t ree  s e le c t i o n .  In 
the m eant im e  the m ain  e f for t  should be d i r e c te d  to the C o r n u s - M o s s  (CM) 
site types  and g la c ia l  t i l l  so i l s  where  s a t i s fa c t o r y  resu lts  can be attained 
at a r e la t ive ly  low c o s t .  The p r o g r a m  should be d eve loped  in two phases  .
T h ere  should be an expanded p r o g r a m  in the C o r n u s - M o s s  (CM) site 
types and g la c ia l  ti l ls f o l low ed  by d iv e r s i f i c a t io n  to include p r e ­
s ca r i f i c a t io n  of  the leave  str ips  on s a t i s fa c t o r i l y  s tocked  a r e a s .  
P r e - s c a r i f i c a t i o n  should be t im ed  to co in c id e  with good seed  y e a r s .
In conc lus ion ,  stand treatment  is stil l  in its infancy in the 
N orthern  Inter ior  and there  is an urgent need f o r  continued and in ­
c r e a s e d  r e s e a r c h  at both the fundamental  and applied  l e v e l s .  A  p r o m i s ­
ing start has been made towards  so lv ing the spru ce  re ge n e ra t io n  p r o b le m .  
N e v e r th e le s s  there  is no r o o m  f o r  c o m p l a c e n c y  f o r  the rem ain ing  
p r o b le m s  far  e x c e e d  the so lut ions .  The c u t - o v e r s  o f  the Northern  
Inter ior  have much to contr ibute  and it is e s se n t ia l  that further  p e r i o d i c  
evaluat ions  o f  past and p resen t  cutting methods  be c a r r i e d  out to avoid  
further  m is ta k e s ,  to iso late  p r o b le m s  and to r e - o r i e n t  thinking.
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